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(54) METHOD OF MANUFACTURING METALUO SEPARATOR FOR FUEL CELL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a sound separator 
by restraining a conductive inclusion from falling when molding it 
by press-molding. 

SOLUTION: A high polymer film 20 of polyvinylidene chloride is 
sandwiched between a pair of upper and lower dies la, lb and a 
material plate 1 0 of a separator to mold them by pressing. A 
plurality of films 20 may be used and lubricant may be applied to 
one face or both faces of the film 20. As for the thickness of 
the film, the total thickness sandwiched between the dies la, lb 
and the material plate 10 is preferably as much as 0.01-0.5 mm 
when the lubricant is not used, and it is preferably as much as 
0.006-0.2 mm when the lubricant is used. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by tbe use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The manufacture approach of the metal separator for fuel cells which is characterized by inserting 
a high polymer film between the metal mold for press forming, and the material plate of a separator in 
manufacturing the metal separator for fuel cells which has conductive inclusion all over a metal texture by 
press forming, 

[Claim 2] The manufacture approach of the metal separator for fuel cells according to claim 1 characterized 
by making said film into two or more sheets. 

[Claim 3] The manufacture approach of the metal separator for fuel cells according to claim 1 or 2 
characterized by making lubricant adhere to one side or both sides of said film. 
[Claim 4] The manufacture approach of the metal separator for fuel cells according to claim 1 to 3 
characterized by the quality of the material of said film being a polyvinylidene chloride. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the metal separator with 

which a polymer electrolyte fuel cell is equipped. 

[0002] 

[Description of the Prior Art] The layered product by which the laminating of the separator was carried out 
to the both sides of the plate-like electrode structure (MEA:Membrane ElectrodeAssembly) is made into one 
unit, the laminating of two or more units is carried out, and a polymer electrolyte fuel cell is constituted as a 
fuel cell stack. The electrode structures are 3 layer structures by which the electrolyte membrane which 
consists of ion exchange resin etc. was sandwiched between the gas diffusion electrodes of the pair which 
constitutes a positive electrode (cathode) and a negative electrode (anode). A gaseous diffusion layer is 
formed in the outside of an electrode catalyst bed where a gas diffusion electrode contacts an electrolyte 
membrane. Moreover, the laminating of the separator is carried out so that the gas diffusion electrode of the 
electrode structure may be contacted, and the gas passageway which circulates gas, and refrigerant passage 
are formed between gas diffusion electrodes. If oxidizing gases, such as oxygen and air, are passed to the 
gas passageway which faces the gas diffusion electrode by the side of a sink and a positive electrode in the 
hydrogen gas which is a fuel at the gas passageway which faces the gas diffusion electrode by the side of a 
negative electrode, for example according to such a fuel cell, electrochemical reaction will occur and the 
electrical and electric equipment will occur. 

[0003] While the above-mentioned separator supplies the electron generated by the catalytic reaction of the 
hydrogen gas by the side of a negative electrode to an external circuit, it needs to possess the function which 
feeds the electron from an external circuit into a positive-electrode side. Then, the conductive ingredient 
which consists of a graphite system ingredient metallurgy group system ingredient is used for the separator, 
and especially the thing of a metal system ingredient is made advantageous at the point excellent in the 
mechanical strength, and the point in which the light weight and miniaturization by sheet-metal-izing are 
possible. What the metal separator was made from the sheet metal with which the conductive inclusion 
which forms an electric conduction path in a front face consists of stainless steel distributed and exposed, 
carried out press forming of this material plate, and formed the above-mentioned gas passageway and 
refrigerant passage is mentioned. 
[0004] 

[Problem(s) to be Solved by the Invention] although the metal mold for press forming performed the above- 
mentioned press forming on both sides of the material plate of a separator, at this time, it carried out by 
having been alike occasionally that the above-mentioned conductive inclusion of the front face of a material 
is omitted with friction with metal mold, and it had happened. If the separator with which conductive 
inclusion was omitted is used, pitting on the basis of omission marks will generate during operation of a fuel 
cell, and the problem that corrosion advances will arise. 

[0005] Therefore, this invention aims at offering the manufacture approach of the metal separator for fuel 
cells that omission of the conductive inclusion at the time of press forming can be controlled, and a healthy 
separator can be manufactured. 
[0006] 

[Means for Solving the Problem] In manufacturing the metal separator for fuel cells which has conductive 
inclusion all over a metal texture by press forming, this invention is characterized by inserting a high 
polymer film between the metal mold for press forming, and the material plate of a separator. 
[0007] According to this invention, at the time of a press, when slipping arises between a material plate and 
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a film or elongation arises on a film, friction of the material plate to metal mold decreases, consequently 
omission of Conductive inclusion are controlled. Moreover, by inserting a film, between metal mold and 
material plates is filled with a film at the time of a press, an opening is lost, for this reason, the hit toward 
which the material plate to metal mold inclined is prevented, and the press load firom metal mold can be 
efficiently given all over a material plate. 

[0008] a film being used two or more sheets, or making lubricant adhere to one side or both sides of a film 
in this invention, and taking these policies — the above-mentioned effectiveness — a twist ~ increasing . If 
too thin, the above-mentioned effectiveness will not often be demonstrated, but if the thickness of a film is 
too thick, poor shaping from which shaping precision falls and desired dimension and configuration are not 
acquired will tend to produce it. About 0.01-0.5nrai has [ the thickness of this to a film ] the desirable sum 
total thickness inserted between metal mold and a material plate when not using lubricant, and when using 
lubricant, about 0.006-0.2mm is desirable. 

[0009] Moreover, the polyvinylidene chloride in which the amount of elongation has a soft property 
moderately greatly as the quality of the material of the high polymer film of this invention is used suitably. 
As a high polymer film, although a Teflon (trademark) film, a cellophane film, etc. are mentioned, for 
example, the degree of hardness of the former is high, and since the amount of elongation is small, the latter 
is not the suitable quality of the material. 
[0010] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained with reference to 
a drawing. 

(I) 1 st operation gestalt drawing 1 shows the process of the manufacture approach of the separator of the 1 st 
operation gestalt in order of (a) and (b). The material plate 10 of the separator shown by drawing 1 (a) is an 
austenitic-stainless-steel plate which has conductive inclusion. As a component of this material plate 10, 
each component shown in Table 1 and the remainder contained Fe, B, and an unescapable impurity, and Cr 
and B have satisfied the following (1) type. 
Cr(wt%)+3xMo(wt%)-2.5xB(wt%) >=17 - (1) 

And B deposits on the front face as M2B and the boride of MB mold, and boride of M23(C, B) 6 mold. 
These borides are conductive inclusion which forms an electric conduction path on the surface of a 
separator, and are distributed and exposed on the front face of the material plate 10. The thickness of the 
material plate 10 is 0.2mm. 
[0011] 
[Table 1] 

(w t %) 



c 


Si 


Mn 


P 


S 


Cu 


Ni 


Cr 


Mo 


Al 


N 


^ai5 


0.01 -'1. 5 


O.0W2.5 


^0.035 


^0.01 


0—3 


7~50 


17'*'30 




001 -^a2 


^0.3 



[0012] In order to manufacture a separator, as shown in drawing 1 (a), the film 20 with a thickness of 0.01- 
0.5mm it is thin on both sides of the material plate 10 from a polyvinylidene chloride is arranged one sheet 
first. Subsequently, as shown in drawing 1 (b), press forming of the material plate 1 0 is pressurized and 
carried out by the predetermined press load with the up-and-down metal mold la and lb. A part for concave 
heights is formed by the up-and-down metal mold la and lb, and the material plate 10 is fabricated by 
separator lOA by which the slot of a front flesh side is made a gas passageway and refiigerant passage. The 
mold aperture of after shaping is carried out, it removes a film 20, and obtains separator lOA as a product. 
[0013] Thus, by carrying out press forming, where a film 20 is inserted between metal mold la and lb and 
the material plate 10, at the time of a press, slipping arises between the material plate 10 and a film 20, or 
elongation arises on a film 20, and fi:iction of the material plate 10 to metal mold la and lb decreases by 
this. Consequently, omission of the conductive inclusion of the front face of the material plate 10 (after 
shaping is separator 1 OA) are controlled, and a healthy separator can be obtained. Moreover, by inserting a 
film 20, between metal mold la and lb and the material plates 10 is filled with a film 20 at the time of a 
press, and an opening is lost. For this reason, the hit toward which the material plate 10 to metal mold la 
and lb inclined is prevented, and the press load from metal mold la and lb can be efficiently given all over 
the material plate 10. 

[0014] (II) 2nd operation gestalt drawing 2 shows the process of the manufacture approach of the separator 
of the 2nd operation gestalt in order of (a) and (b). With this 2nd operation gestalt, the piled-up films 20 and 
20 of two sheets were inserted between metal mold la and lb and the material plate 10, and are carrying out 
press forming. The thickness of the film in this case is the svim total thickness of the piled-up films 20 and 
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20 of two sheets. Thus, by making a film 20 into two sheets, sHpping occiirs also among the films 20 and 20 
of two sheets, and the fiiction reduction effectiveness increases. 

[0015] (III) 3rd operation gestalt drawing 3 shows the process of the manufacture approach of the separator 
of the 3rd operation gestalt in order of (a) and (b). Lubricant 30 is applied to both sides of that film 20 
although the film 20 of one sheet is arranged between metal mold la and lb and the material plate 10 like 
the 1st operation gestalt with this 3rd operation gestalt. Lubricant 30 is a thing liquefied [ lubrication oil 
etc. ] or powdery. If lubricant 30 is applied to both sides of a film 20, it will become easier to slide on a film 
20 to metal mold la and lb and the material plate 10, and the fiiction reduction effectiveness will increase. 
In addition, since the effectiveness of this operation gestalt is demonstrated when lubricant exists between a 
film 20 and metal mold la and lb at the time of press forming, it may apply lubricant 30 to the inside of 
metal mold. 

[0016] (IV) 4th operation gestalt drawing 4 shows the process of the manufacture approach of the separator 
of the 4th operation gestalt in order of (a) and (b). Although the films 20 and 20 of two sheets are inserted 
between metal mold la and lb and the material plate 10 like the 2nd operation gestalt with this 4th operation 
gestalt, lubricant is inserted among the films 20 and 20 of these two sheets. According to this, it becomes 
easier to slide on film 20 of two sheets, and the fiiction reduction effectiveness increases. 
[0017] 

[Example] Next, the example of this invention is explained. 

A. The austenitic-stainless-steel plate with a component [ each ] shown in the meinufacture [example 1] table 
2 of a separator and a thickness of 0.2mm in which the remainder contains Fe and an unescapable impurity 
was cut down lOOnmix 100mm in the shape of a square, and the material plate of a separator was obtained. 
Subsequently, it arranged one sheet at a time the film made fi-om a polyvinylidene chloride which has a 
wrap dimension for a material plate on both sides of a material plate, press forming of the material plate was 
carried out by the press load of SOtons by the approach shown in drawing 1 , and the separator was obtained. 
As shown in Table 3, the thickness of a film considered as 14 kinds in 0.001 -0.7mm, and obtained the 
separator which is 14 kinds from which the thickness of a film differs. 
[0018] 
[Table 2] 

(wt %) 



c 


Si 


Mn 


P 


S 


Ou 


Ml 


Cr 


Mo 


Nb 


Ti 


Al 


N 


B 


0.073 


0^ 


0.13 


0.015 


0.001 


0.11 


10.1 


20.9 


2.03 






0.0B 


0.030 


0.60 



[0019] 
[Table 3] 



■:7-f;UAa)B[*(mm) 






Hffl^ 2 


mmm3 




0.001 


88 


88 


88 


32 


0.003 


73 


76 


50 


23 


0.006 


58 


66 


18 


6 




35 


52 


17 


5 


0.01 


10 


23 


15 


3 


0.03 


10 


22 


16 


2 


0.05 


9 


21 


15 


2 


0.1 


9 


20 


16 


1 


0.2 


B 


21 


15 


2 


0.3 


8 


20 


16 


1 


0.4 


9 


21 


15 


1 


0.5 


8 


19 


16 


2 


0.6 


9 


20 


15 


1 


0.7 


8 


20 


16 


1 



[0020] 1 4 kinds of separators conceming an example 2 were obtained like the example 1 except having 
adopted the approach shown in [example 2] drawing 2 , i.e., the approach of fabricating on both sides of the 
film piled up two sheets between metal mold and a material plate. In addition, let thickness of the film in 
this case be the simi total thickness piled up two sheets. 
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[0021] 14 kinds of separators concerning an example 3 were obtained like the example 1 except having 
adopted the approach of fabricating lubricant on both sides of the film of one sheet which carried out 
optimum dose spreading to both sides between the approach shown in [example 3] drawing 3 , i.e., metal 
mold, and a material plate. Lubrication oil (MOLYKOTE D-321R: the Dow- Jones Coming, Inc. make) was 
used for lubricant. 

[0022] 14 kinds of separators concerning an example 4 were obtained like the example 1 except having 
adopted the approach of fabricating the same lubricant as the above on both sides of the film of two sheets 
inserted in between between the approach shown in [example 4] drawing 4 , i.e., metal mold, and a material 
plate. Lubricant carried out optimum dose spreading and laid the film of one more sheet on top of one side 
of the film of one sheet in the spreading side of this lubric2int. 

[0023] The separator of the example of a comparison was obtained like the example 1 except having 
inserted and carried out direct press forming of the film between [example of comparison] metal mold, and a 
material plate. 

[0024] Drawing 5 shows the whole separator flat surface fabricated by the above-mentioned example and 
the example of a comparison, moreover, drawing 6 ~ a part of concavo-convex shaping part of a separator — 
the cross section and the design dimension are shown. 

[0025] B. measurement of the rate of omission of conductive inclusion — each separator manufactured as 
mentioned above — attaching — press forming — conductive inclusion ~ dedropping — being easy — as the 
part (part which is bent by press forming or is lengthened) was included, the 10mmx20mm test piece was 
cut down by the wire cutting method, and was obtained. These test pieces were embedded with the hydraulic 
automatic ****** machine at cylindrical heat-curing mold phenol resin with a diameter of 30mm so that 
20mm cross section might turn into an observation side. The observation side of this test piece was ground 
in order of granularity **600 and **1000 using waterproof abrasive paper. Subsequently, diamond paste 
was used in order (3 micrometers and 0.25 micrometers), buffing of the observation side of a test piece was 
carried out, and the mirror plane was made. The observation side of this test piece was picturized by one 400 
times the scale factor of this with the handstand mold metaloscope, and the number (a) of the conductive 
inclusion which projects from the acquired photograph to a base material, and the number (b) of the hole 
which a base material to conductive inclusion fell out, and was made were measured. And it measured until 
a+b was set to 1000, and the numeric value of a and b was applied to the following (2) types, and it asked 
for the rate of omission of conductive inclusion. 
Rate (%) of omission ={b/(a+b)} xlOO - (2) 

[0026] While writing together the result of the above-mentioned measurement to Table 3, it graph-ized to 
drawing 7 - drawing 10 . In addition, the rate of omission of the separator of the example of a comparison is 
88%, and is describing the data at drawing 7 - drawing 10 . 

[0027] as shown in drawing 7 and drawing 8 , when the thickness (total thickness) of a film was secured 
0.01mm or more in the example 1 and the example 2, the rate of omission of conductive inclusion was 
markedly alike, and became low, and it is stable. However, when the thickness of a film exceeded 0.5mm, 
poor shaping had arisen in the separator. Therefore, by the approach of an example 1 and an example 2, 
when thickness applied the film made from a polyvinylidene chloride which is 0.01 -0.5mm, it turned out 
that the effectiveness which controls omission of conductive inclusion can be acquired notably. 
[0028] as shown in drawing 9 and drawing 10 , about an example 3 and an example 4, when the thickness 
(total thickness) of a film was secured 0.006mm or more, the rate of omission of conductive inclusion was 
markedly alike, and became low, and it is stable. However, when the thickness of a film exceeded 0.2mm, 
poor shaping had arisen in the separator. Therefore, by the approach of an example 3 and an example 4, 
when thickness applied the film made from a polyvinylidene chloride which is 0.006-0. 2mm, it turned out 
that the effectiveness which controls omission of conductive inclusion can be acquired notably. 
[0029] 

[Effect of the Invention] Since press forming is carried out on both sides of the high polymer film which 
reduces friction between metal mold and the material plate of a separator according to this invention as 
explained above, the effectiveness that omission of conductive inclusion are controlled and a healthy 
separator can be manufactured is done so. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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[0014] (II) m2mmmm 

132 ti. ll2Sl^fefl^,^<D■te>'^•^-^$^cDS^i^:6•S<D:7•t2^2 

(a) . (b) (DUStCTj^Urti-So C(D||P2 3IJfe?g 
^"CtJ. Sfe:^c2t§[CZ):7 ;UA2 0. 2 0^#Mia. 

0. 2 OO^tf-il^r^^o C<^J:^^c:7 ^;i.A2 0^ 
2tfc<i:T^C<htCj:f3. 2tJt<D:7 ^ JUA2 0. 2 OODf^ 

[0 0 15] (111)^3^5^0,^ 

(a) . <b) (DflStC^C/ro^-So C<D|g3^^ 



-C«. miSI*Sl^gi<hlD3BICcH*(D:7-/;l.A2 0^^ 
_ _ 1 a. lb i^Wffi 1 0 t(Dm(^^^^:/)^^ ^<DV ^ 
JUA2 OCDMM^C. ?S?#^J3 O^^^ftUrC^-So m^M 

Mia. 1 b*5<tO*^tt^l 0(^1^l.Xy ^ JUA2 0 

Mia. 1 ht(Dmt,cmmmi^m&^^c^ii>c^K>^m 



[0016] 
^4«. ^4 

(a) . 



3 0^^MOF*9MtC^^b-Cfe<J: 



(IV) m4^]^0j2i 

(b) (D/HtC^OTl^^-So CCOmAm^^ 
^ife?f^,^i|5l^tC2tSc<7):7 ^ ;bA2 0. 2 
O^^Mla. 1 b <h^l5t*Sl 0 iCDP^kl^tfT^^ ^tl 
e> 2 ^ A 2 0.2 0 (3DP^«:?ii?tSU^ili/t"C(.^ 

[0017] 

A. ^oo^at 

[^JfeWl ] «2k:^t-#^^<h. ^giJ*5F e*$<i:af^ 
Dji^e^PF^il^i^^W-r^j^^ 0. 2mm<D^-X-r:^ 
h3^XT*>UX^^^. 10 0 mmx 1 0 OmnKDiE 

:7 ;l/A;^^tt^<DMM«: ift-r-^lEU. SltC;g^L:^c 
:&*ffix^t*S^5 0 t on<o^i^:;Kmmrcv'\^:^fSM 

cfc^tC. 0. 00 1-^0. 7mm<D^H-C 1 4MS<h 
:7 -r^l/ACD/^^^&i^JGT'S 1 4@S<7>•fe>'^•^-:$r^f# 

[0018] 
[^2] 



(4) 
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6 



(wt 96) 



c 


Si 


Mn 


P 


S 


Cu 


Ni 


Cr 


Mo 


Mb 


Ti 


Al 


N 


B 


0.073 


0^ 


0.13 


0.015 


0.001 


0.11 


10.1 


20.9 


2.03 






0.08 


0.030 


0.60 



[0 0 19] * * [^3] 







mmm i 


2 






0.001 


88 


88 


88 


32 


0J0O3 


73 


76 


50 


23 


0J0O6 


58 


66 


18 


6 


0.009 


35 


52 


17 


5 


0.01 


10 


23 


15 


3 


0.03 


10 


22 


IB 


2 


0.05 


9 


21 


15 


2 


ai 


9 


20 


16 


1 


0.2 


8 


21 


15 


2 


0.3 


8 


20 


16 


1 


0-4 


9 


21 


15 


1 


0.5 


8 


19 


16 


2 


0.6 


9 


20 


15 


1 


0.7 


8 


20 


16 


1 



[0 02 0] [|yfe092] S2tC^L/c:&ffi. "TJ^ciD'^ 

[0 02 1 ] [mimm3:\ msf^^sutcysm. 'rtj:iDi5> 
ly-^^mco mmmii^s mm:t'<j\^ (molykot 

E D-32 1R:y'i7 :3--=->:5^4tM) ^^ffiU 

/Co 

[0022] [m^m4 ] ^4 tC^U/c:&fife. f ^Ct>i^ 

[0 02 3] Litmm'] ^mtmu^^<or^(fCy 

[0024] S5». ±§BmmmisJ:Z/tt^m(fC^^X 

[0 02 5] B . mmi^^mco^^mcomi^ 



mmfx:j:'yxm'fhttfcK>mt^tifc^'r^m^) 

Oofc^^CL/T. 1 0 mmx 2 0 -Y-V- — 

h;a«:cfcDW0mO'r^#/Cp cn6f*®l>t^. 2 0 
m m »fM>&sifi^® <b >S: -5 J: ^ 6C. ^fiff ^ 3 »SS)l§a2s?>«l 

^#6 0 0, # 1 0 0 0<DJeK:iPf^U/Co -j>:ii-c. a^^-Y 

i-^V F-^— ;^ h^3 Mm. 0. 2 5 /i m<Dje"CffiC^T: 

m>i<Dnmm^ . m^im^mm^mfrc j: r> r 4 o o m<D 

mn:fr&^<Dm^ (a) Mm^^mmnifr&^^^m 

l-fmi^XX^fcJKDmWL (h) i^H-i8«JU/c. ^OX. 
a + b:?&M 0 0 Oi>a:^*-Cft^JjO. a. bOD!Kfii^« 

TCD (2) ^tc^l:«^?>r^mi4/^?^^B3^DJKiS^^*^^) 

JlttS^ (%) = {b/ (a + b) } X 1 0 0 " (2) 

[0 02 6] ±i^m^<Dmm^mi3ccmiE.r^t i ^ 
u- ^(omnmit s s %x$> k>. mi -^m i o tcti-e<z> 
[0 02 7] m7i^j:ams(fC7jkr^^ifC^ mmmiis 

;550. 0 1 mmiaJi?i«$nrCi^<h^^14/^«E^OM 
SaSfi?92c7)^'C«. /1$;&50. 01-0. 5mmCDd< 



C5) 

7 

/Co 

[0 0 2 8] 0 9*j<J:?>'ai Otc^-r<i:^K:. SISfeP93 

*5ci:o'llifeW4oo:6'iSr'«. h^a^o. ooe-^-o. 2 

[0029] 
[^Di<D©*Aj:ltt0^] 

•fe:^^ (a) . (b) (Dm^yv^^mmmx$>^. 
[^2 ] *^0^<7)ii2ii]te?f^^tci^-5ia5&:&acD:/c3 

•t2;?L^(a). (b) OilHf^iij^-rWMSr'^-S. * 

[^ 1 ] 



(a) ^ (b) 
1a 
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8 

[^3 ] *^ajcD^3^]fe^^.tc<?^^^it^a<D>'"u 
•feX^ (a) . (b) CDJUCC^-rg^FM^r-^^o 

[S4 ] ^mji<omAmm^m(^%i>^m.-iimo:>y^u 

•fe;^^ (a) . (b) CDJlIitc^-r»rM^t?^'£>o 

mi] :^^m<DmMm 1 (>ci$if^y ^ t 

[^10] :*^BJ<7>S|jgW4 (iCisi^^y ^ Ji^M.o^m^ 
la. lb 

1 0 "^istffi 

1 0 A--fe>'N*U-^ 

2 0 JbA 

3 0 "-mmm 



m2] 



Ca) (b) 
la 




(6) 
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100 




90 


i 


eo 


IS 


70 




60 


m 


50 


w 


40 




30 


£ 


20 


fli 


10 




0 





























> 













OjOI OlI 
dM-7'f;i^.£JI^(mm} 




OtOI OLI 1 



2 0 0 3-142 



• [^10] 
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^S^fPTfem** 1 T@ 4 # 1 # 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ black borders 

□image cut off at top, bottom or sides 
□^ded text or drawing 

I^IbLI^RED or illegible TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GR^CYSCALE DOCUMENTS 
jU LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENC£(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



